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By H. JaokWhiteand HetiuthW. Engelman

9il!?Q” - To determinethe effectof fuel volatilitycm engine
powerand econcmyas Influencedby mixturedistribution.

=“ - Testa of four fuslsof differentmild flity were con-
ductedon a WrightR-2600-8engdneat desiredcruisingpower (60per-
centof nomal rated),mx@mum crulslngpower (75percentof normal
rated),nomsl ratedpower,and take-offpower. The inlet-air
tempemture at the carburetorIntakevariedfrcm 46° F to 72°F.

summaryof results.- Althoughsomevariationof mixturedls-
trlbutloncouldbe attributedto the differentvolatllltlesof the
fuelstested,the effectof volatilityon powerand brakespecific
fuel consumptionwas”smallfor the rangeof cond.ltlcnstested. At
conditionsof normal-matedand take-offpower,engineoperationwas
noticeablyrougherwith the fuelsthat had 90-percentpointsof
295°F (V-1O)ti 306°F (V-7)thanwith the fuelsthathad 90-percent
pointsof 255°F (V-9)and 270°F (AN-B-28).

INTROUUCTICIH

The teatsdesoribed. hereti wme * to obtain Infomatlon on
a maximum permissibleA.S.!!?.M.distillation90-percent pointas
limltedby eatIsfactory_ operation.The volatilityohuac-
terlsticaof aircraftfuelsnecessarilyrepresenta ccuupraulse
Inasmuchas goodmixturedistributionuswiUy dmumds high vala-
tfiity,*- many of the high.antllumckcompment8, suchas
cumene,havelow volatility.
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ti themetestsths perforsumce,the -.ur~ distribution,and
the temperaturedistribution“ofthe WrightR-2600-8enginewere
investigatedfor th?’ee$uels of differerrtvolatiJ.i.ty,suppliedby
the ~ U Foroes,and for AN-F-28fuel,taken ~ the geneml
laboratorys-.

The testswere conducted at the Aircraft Engine ResearohLabo-
ratoryof the XationalAdvisoryCmmittee for Aeronauticsat
Cleveland,Ohio,betweenAp&il10 and April19, 1943.

A2PARXCUSAND PRcm5uRE

A WrightCycloneR-2600-8engineequi~ed
model 1685HACarburetor,a Wright torquemeter,
s’~ variable-pitchpropellerwas used for

with a Honey
and a Hmilton

thesetests. The
engine was installedin a teat celland wm cooledby a separa+e
blowerthat drew atr overthe engine.

A briefmmmary o? the fuel charaoterlst3CS Is as follows:

Ftil “ . 90-peroent Speciflc Hydrogen-
dist~llatlongravity carbon
point ratio

.-. —
(%) ..

V-7
v-lo
AN-F-28fuel
v-9

Dlstillation curves

306 0.7374 0.165
295 .7381 ●168
270 ,7219 .166
255 .7093 .179

for the fuelsare shownin figure1.

at (1)desiredmuis ingpower (60percentof
, (2)maximumcruisingpower (75percentof nom31

Testswere run
normalratedpinier)~
ratedpower),(3)nomal ratedpmr, and .(4)take-cffpower. Table
1 is a summaryof the variousruns.

The inlet-airtemperaturewas measuredby a thermocoupleat the
carburetorintake. Fuel flow=s indicatedby a rotameter. The
entirefuel-supp4 systemwas drainedbetweenrunsto preventdilu-
tionwhen fuelswwre changed. Cooling-airtemperatureswere air
temperaturesrecordedin the test ceu ahead of the propcdler.

ltlxturedistributionwas determinedby exhaust-ginanalysis.
Two methodsof analysiswere employedin orderthat one couldbo
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used em a oheck against the crther. In =method (nor@), samples
were drawn Intobottlesand analyzedwith a Burrellapparatus.This
methulinvolvesa caubustionpipetteIn whtohthe prdmts of ticom-
pleteocuubuetlonare burnedIn tied air. The seoondmethod (oxida-
tion) canelstedIn oxidizinga cqnt~uouslyflowlngsampleover-
heatedcopperoxideand thenanalyzingthe oridimd samplefor oar-
bon dioxtdein an Oreatapparatusduringthe run. In one set of rum,
oxidizedsampleswere drawnintoburettesand were analyzedwith a
Burrella~tue.

Al-lexhauet-&s sem#llngwe oar@ed “outat a pressureof
6 Inohesof water,aboveatmosphmio,measuredat the pointof
deliveryto the samplebottlesor to the Omat apparatus. An
exception to this procedurewas the runsat normalratedpower
(2400 rpiu)in whiohan exhaust-eau@lngpressureof apprcdmately
15 Inchesof waterwas maintained.ThispressureCorrespotied
roughlyto 85 percentof the maximm (no-flow) pressureavailable
In the aampl.ingsystemat these oonditlone.

Exhaust-flamecolorsprovideda roughqualitativeoheckof
mlrturedlstrlbuthn. A rathereffectivepractloaloheckcould
be made of mlvidual cyllnderperformanceby thie visualmeans.
When the enginewas operatingat riohmlxturee(ata fuel-alr
ratioof 0.10 or higher), rioher-than-averagecylinderswere
observedto emit.flamesshowimga oharaoteristlcred ooneat the
base of the usual danoing blue-whiteplume, Extremelyrioh cyl-
inders@ibited a spectacularflaehlngwhiteflamebeyondthe
red base flame.

Ccmihetlon-airflow was not measured duringthesetests.
Previousenglm data,tiichInoludedboth air-flowmeasurements
as a function of manifoldpressureand f uel.flowmeasurementsat
the two carburetor-mlrturesettings,.gavea rough quantitative
oheckof averagefuel-airratiofor the conditionsof ‘Aesetests.
Thesedataare labeledon the curvesheets“appraglmatecarburetor
fuel-alrratio.’!

En@ne temperatureswere detemlned by rear spark-pl~gasket
thezmoco@es and by tlmmcouples spot-weldedto the rearmiddle
barrelsurfaoesbetweenthe fine. A self-balancingpotentiometer
was usedfor Indloationof temperatures.Bufflclenttime=s
allowedbetweenthe settimgof the en@ne caudltioneand the re-
cordingof the datafor ald enginetempemturesto stabilize.TM
time requlant for eachrun was determinedby the timeneoeseary
for exhauet-=s aemplm to be taken,whloh was approximately5
minutes. Enginetemperatureswere nut observedto requirediffer-
ent amountsof t- to stabilizefor the varlouefuels.

. . . .
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Mnrerwas detemlned by
clple, measures the reaotion
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a Wright torquemeter, whloh, in prin-
on the stationarymemberof the nose

planek-y .redwtfon-geartrain,

RESULTSAND D18CUES10N

En@ne-performance*cteristtos for the variousfuelsat
all pcnmr conditionsare givenin table1.

Testsat 60 percentof nomal ratedpower. - The mirturedis-
tributionat 60 percentof normalratedpower Is shownin fIgure2.
In ‘able2 reeultsof two nethodeof exhaust-gasanalysisare ocm-
_. Fuel volatilityhad no appreciableeffecton tiLrre distri-
bution,power,or brakespeclflcfuel oonsumptlon.The temp%mture
distributionis plottedIn figure3. Althoughthe run for the
V-7 fuelwas made with a highercoollng-alrpressuredrop than for
the V-10 and the V-9 fuels,the generaltempemture patternrammed
the Same. On theseand on subsequentplots,dashed-linosepmts
Indioatethe absenceof data for a particularcylinder.

Testeat 75 peroentof normalratedpower.- Figure4 indioates
somedifferenceIn the ~ure distributionwith the differentfuels
at 75 peroentof nomal ratedpower. The ~atest varlatlonb
fuel-airratiofi’cmcyllnderto cylinderoccurredwith the V-7 fuel;
the V-10 fuel showeda lesserdegreeof varlatlon. The mixture
distrlbutimms good with the V-9 and theAN-F-28fuels. The
temperaturedistribution(fig.5) was approximatelythe samefor
the Vm-iouefUels.

Tests at nomal ratedpower.- The mixturedistributionat
nozmalmted powerWS determhed by two indepezuientmethcdsof
exhaust-gasanalysisand Is presentedin fIgure6. Orsat (oxidized
exhaustgas)analysesweremade duringthe actueltest runs for all
fourfuels (fig.6(a) ). Slnmltanm.asly,oxldtzedmhmst samples
were drawn Intobottlesfor subsequentlaboratoryanalysiswith the
3hrreU apparatus. These sampleswore takenfor the V-7, tho V-10,
and the V-9 fuelsand the resultsare shownIn figure6(b). These
analysesweremade in orderto ccmparethe two methodsof gas
analysis. Inspeotlon of figures6(a)and G(b) showsthata gocd
checkwas obtained. Tim V-7 fuel ellowsthe tides-tVarl.ationof
fusl-airratio,the V-10 fuel slightlylCSS,tlm AN-F-28fuel
st111 less,md the V-9 fuelthe leastvarlatIon. Tb temperature
varlatIon,plottedIn figure7, was scunewhataffectedby the dif-
ferencesIn mixturedistribution.En@no operationwas roughwith
the v-7 and thev-lo fuels.



Teats at take-off power. - The exhaust mmpllng at take-off
-r WMI~t satisf’aetom (apmmntly be-use of ncmgaseousproduots
of ocmb@dmn visibleas smokeIn the exhaust),W the data are not.,-. ,._-,.
pxmmted. The tampemture distributionIn figure8.MM mibstan-
tlallythe samefor the yariousfuels.

Additional observations.- Greaterdifficultyw&a experienced
ti startingthe enginewith the V-7 and the V-10 fuels (hi@
90-percentpoints)than with the AH-F-28and the V-9 fuels (low
90-peroentpoints).

Cyllxikmtempemtures oouldbe correlatedto saneextentwith
Oylindermixturestrength(figs.9 ad 10). Jn f@ures 9(a)and
9(b),underthe engineomidlticmslistedand with t@ two fuels
conduciveto the poorestml,zturedistrilmtion(seefIg. 6), the
leanestoyllnderstendto have the highestrear~k-@ug-~slmt
tmpemtms and the riohestoyl:ndershave the lowesttempemtures.
Figure9(C),howmer, represents a more nearly nomml mlxture-
dlstrlbutlanconditionwhere,as ccmrparedwith figures9(a)and
9(b),very littlecorrelationbetweenrear spark-plug-gadcettam- .
pmature and fuel-alrratioIS to be found. Eere, the varlatbn
In tempemture Is mainlyattributableto inherentdifferencesfi
ooolingbetweencylltiers.This Inherentspread(fig.9(c))
accountsfor approximatelytwo-thirdsof the totalspreadwith the
widestvariationof ~ure distribution(figs.9(a)d 9(b)).
Figure10, whlohpresentsdata for runs at 2100 rp, showsbut
ellghtcorrelationbetwmn rear spark-plug-gaskettemperaturesand
fuel-alrrat10.

The dashedlinesshownIn figures9(a)and 9(b) lndloatethe
approximate100USof rear spark-plug-gaskettemperaturesa@net
fuel-airratio,wherepoormlrturedistributionapplies. These
Unes am not intendedto representthe idealline of oorrelatlon
betweenhead tempemture and mixturestrength,wherefuel-air
ratiois the solevariable,as shovnh figureU..

TM ourves In figureU were plottedfrm unpublisheddata
Obtalneah Ooollng-OorrelatIon tests, Thoseplots show,for
threeooutions of powerand nd,xturostrength,the changeof
rear spark-plug-gaskettsmpemture thatmight be expeotodto ocour
with variationin mixturestrengthto an Individualoyllnderwhen
mixturedistributionis poor. The solidllne shownIn this fir
ure, for a fuel-airmtio of O.11,may be consideredrou@ly
_sonmtivo of the trendthatproduced the efl%ots shown In
figures9(a)d 9(b),as ocmtrastedwfth figure9(o).
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The following statements apply for a mnge of Inlet-airtem-
peraturesfrcm 46° to 72° F:

1. The best powerand fuel econmy were, In general,obtained
with the fuelthat lmd the lowest90-percentpoint. Differences
in perfomame betweenthe otherfuelswere relativelyslightand
not readfly attributableto differencesin volatflity.

2. Some chaI&s in mWmre distributioncouldbe attributed.
to changesIn the 90-percentpetitof the fuel. The widestvaria-
tionsof fuel-airrat10 ocourredat highpowersand richmixtures.
The best distributioncharacteristlos were shownlIythe fuels
havingthe lowest90-percentdistillationpolnta.

3. )hdividualcyllndersshowedchangesof temperaturedue to
varyingmixturedistributionwith dlfferentfuels,but thesechanges
were considerablyless than the differencesbetweencyllndersbecause
of otherfactors. For conditionsconducive to the poorest mixture
distributionamongthe cyllnders,acmecorrelationbetweenmixture
strengthand cyllnder-hea&tmpsraturescan be made.

.-—-— _

Mmraft EcglnsResearohLaboratory.
NationalAdvlsoF CcumltteeforAeronautIcs,

Cleveland,Ohio.
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.46
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,45
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4,1 :50
4.7 72
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